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KANNO EXHIBIT 1002 

Rossin v. Kanno 
Contested Case 105,402 
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&4 0 0~8 0 0'C<0*a&T\ ^S&fiO*|g»<7)#^ET 
T-iSMS-tfT. mrlB^8![+c7)FS-HFtcl6-(b-f-SXg 

Ms**. 

[|££JS2] ff^Iiliej&cO^Sfcfc^T. *W2:7'y* 

j»*2^jajb#trCfcFfctf>flte- 
ttl, fcL<ttNfcFfc^£*rC**£fc*1**i:-*-* 

1 MSB 3] it*JRlJB8W>*»*:*Nvr % MBtttt 

#\ SiatCS i, Mg, Zr, W, Sn, Ce, Mn, 
Bi. Nia3t>a^<fc&—j£ft-*-frtr£fc&mK 

[ft*^4 ] fcm* 2o£Lh*tf C t F k<Ott,&fa^ t 
L<tiNt F t e>lt-&m&'J>-% < b t — 73 Sr-£tf #:*8fS 

T;W5^7 5wt%tUL9 8wt%JilT, -f-^—Tip 

2 5wt%WT2wt%ULL-C*)SC:i:Sr#«Sfc-rS7 

i , Mg, Zr, W, Sn, Ce, Mn, Bi, Ni, 
P, Bco3^»c^^<i:4>— rt*&*t»it&W«fc'r 

[IS^JS6] ii^JS5ieiftc0M«SEt=*3V^T. Si, M 
g, Zr, W., Sn, Ce, Mn, Bi.Ni, P. B 

<r>mvm*. T/u$.-f—?-?-Tm&3Lmz*tL^ o. 
i wt%~ i o w t %-t-&tf c b znm b-f&?v mit& 

[000 1] 

mm/mmtmizmth. 

[0002] 

[fi^CD*^] C z F e *b'C7>7 v*Mt&to#Xi±* *m 

[00 0 3] C 2 F s =5:i:'^X{± % fl-^JfjS 

B£^i:tT7-y3g (F) ££-<-£^rLTU.&. 7<y3R«: 

#»fc3S&MMf mrCjF.fcifUtfH 1 * 



ftffl^Fl 0-1 92653 



[0004] -ftWrnXmb LT s Silt. tegtZtvo-o 

ffi< > IMtteff")T4«t6 10 0 O'CtLhWs 

[0005] ftaifco^Tti, iixi-cfc, T i o 2 - 

iO 2 c00. l~2 0wt% cow^-tttnm dSRMfcfc 
-tit. T i t { 9 2%JJLL9 9 . 9 6%MT* W**8% 
WT0.0 4%liLh) T'&O. PPm^-^-OCC 1 4 
J«yg-r§c0^3 7 5*CT#«PP9 9%£ 1 5 0 0B#p H 1f& 

*R4C1jWC3:<. Ot^F^Tj^^^. S^fflT 

lis msmn^w^y^it^. -ttcb-hC 

F 4 , C 1 2 F t »*4H!FCS & t I/O****. 7 -y* 
l^^Na^Wb^co^-Kteib^. -*K{=J*5g|£2 
t±. AliOj-Zr Oi-WOjM^ -y^bl^tfX 

9. 7D7-1 1 5 (C 2 C 1 F B ) *Mt6<0K6 0 
0*CTfiHK-««RJS*firtK #JR4S9 8%£r 1 OKJHfi* 

«DK-fb**SraSSirr-6^«>. Ma3Xh*^is<^r|,. 

C t F e ^^i:7>y*<0^c^fb-&*J<04MB«4, 
7ny-i i 5tcib^. S^tciSLv-v*^ iix^ft^ 

[0006] 

[B^M^Li^ t-rsaifi] *^Bj^ge<,(i s ^ 

[0007] 

9rA**tt=< V^^«ia73&co^SrPSB^jSto7 , i*S 
[ 0 0 0 8 ] ap*>. ftSS* 2-om±** s *>07 .y*IR 

^ **tHt-ftw, *> l < ammm+b ? -rmmrf-attt 

b i>— 7f^^t?^*XgS5:. #^7 
it-SVairrMmkb . *t)4 0 0~*«j8 0 0 , CcOfa^-C. 
S&a<O^<3K5ni<0^5PSTT , Sa4$ -fr ^ £ i: le J: 0 , tfxm. 
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*<07 vm&HFlZt&itX'* *>Zb*M.^tiil,ti. ttM 

T0yj?#< b fc— at*tr«attffi^*i kiPtr* *. 
[0 0 0 9] ?v9Ut&fobLXli* C 2 F 6 =5rk'<7>J;5 
fc«»»3^2fiLt«OCkFt<?>fk^*. NF 3 *k"ON 

fcFfc<^*warir***4. 

[0 0 10] S i,Mg ( Zr,W, S 

n, Ce, Mn, Bi, N i CO -3 "fccOiKK k fc— JSfcfr 

+ , i^U*. ^r?~7\ f USi, M 

g, Zr, W, Sn, C e , Mn , Bi, Ni, P, B 
<?)5 ft<^>5r< t t-«^WB»fcad*s $>&W4 

— rsr^trtsascrw. r^$^#7 5wt%jjui9 8w 

S i, Mg, Zr, W, S 
n, Ce, Mn, Bi, Ni, P, B<OlMl3»£tt«H£ 
UO.l- 10wt% ^^»^ec»jR#;*& 

[0011] 7 7M^Mf»^SttI^» 

SikSrA^iBUfc. K*k7-yXk^&£:&<ft: 
^»<0*&\ ^Sffc&sgcST** 7y«»4« 

«tt*^£k£jLv*UJLfc. **9*J&5r*££*»jac 

jstt^ffe* t^T-r & . —jjTm&xim? r * k 

£il4>0#^£^$^&^i^\ 1500-2 0 0 OTWffl 
»fift&5lfc«*>iirv^4. «ttB4. **ftR^I4. T/I^ 

SW^tHMUt TyUS^kf-^-Tfc-ftvt/C 
*£*^#*LlVTk£Jit*aiLfc. TH'S-m^v 

m±*>? yj&tt&toimzm-rm* & fcjR*>*i* . 

[0012] Si, Mg, Zr, W, Sri, Ce, M 
n, Bi, NiOiftW, T/l^^, ^.iT, Sx»J 

*5b. Mm*co^?-T0)&femz^LX^Z> b^JL 

[0013] #»BJfco:7 *y*^k-&%fr^XfX^J»«lE| 

j»^*«K«SH«JW-* i k tfi-C* h . «*WT.x b LX 
11 Ar, N 2 , H^HdO^mV^^m^^tifi 



[0014] ^?&ty<7)Mm.bT& y v3R**fl:-fr«H4C 
2 F 6 , N F 3 =Sr k'cO P F C (perf 1 uorocompound ) £> & W4 
FFC (fully fl uorocompound) bn$l£tl%>t>COX\ ft 
aW&SOS k LX l±<Xco Xofth <nifih h . 

[0015] C 2 F 6 + 3H 2 O^CO + C0 2 + 6HF 
C 2 F 6 +2H^O+l/20 2 -*2C0 2 + 6HF 
NF 3 + 3H 2 0-*N0 2 +l/20 2 + 6HF 

7 y»ft;^**coF»i:^*< k i IWte*& J: 3 jRflii 
fc**H*Li^ u^tt^O, -ffc&tt*<OFtt 
HFC^rOs *J»^W+OF(±fiH^t^vv\ny 
>^*<0JBJBk3r£. -Ok £ ^7kSMk LT14. tK 

[0016] 4fc. KJBxr^*teBBR*4r<o»fbjr^ft 

Z b **C# & . C OOlMl^S^^^:*^!*, 
^#x4WHF£Bfe*Ufc» % COBWfc««EtcJS«!S 
ttco^co 2 fc«*S**£kt>T&4. 

[0017] *»WO«H5*fflV^*Ujr. C 2 C 1 3 F 3 , 
C 2 C1 2 F 4 , C 2 ClF 5 ^r^7nyl, HFC 13 
4a^rk^ft#^a>-^ Sfc. S F 6 ^<7) forfait ft 
ATCS*. irtu CCl 3 F , cc 1 2 F 2 3rk*<50»S*> 

-&«5»*«7!>C 1 (4. HC 1 te&ffc£*L& 0 
[0018] *»^TfflV*4>^$R|KaJKtt % ^74 0 0 

TOiagT'«4. 4MW***fiv^. MUHF^tfj 
Wl^-r^xsk UT(4. ysffl*x:ru— lt 
gfe^-T £ ^> ^o^^^'S < . m&ffi US* k'tw J: ^ ffi^co 

[00193 *»B*oa«ttiUB-r*fca6co a 1 M^k 

LTi4. r-T/U^-^, r-T^^-^k 5-T;l^5^<0 

ffi&m%b*zmm-?&zb&x*&. mz^-^j h& 
b**A 1 mmb Lxm^\ m&m&m&izj: qk^hs^ 

[0020] ^minnmzmm^&titbcDT i mmb 
bt<4. essg^^v, f^rv'/k f^y^7ii, * 

k^ffiffl-r-S^k^T^^. 

[0 02 1 ] Sfefcl. Si, Mg, Zr=5rk'eomH^ 

WkW* k* zm V * & £ k £ • 
[0022] ^^OM^cOiS^&<451^MMt7)^jt^ 
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[00 2 3] #*BJ!tefc**&tttttt. *«04*fi 

[oo24] *»wo7 ^*-rfc-&»**xr^«fflC6r» 

[0 0 2 5] 7 7$^MMX»Itl»^, * 
8? LT h HF5: ifOBWWJ'e J: & RWflPkO W* 

[0026] 

[00 27] 

C«KH^)WSO»«] 1ST. 3WJfcT*WB£Sfcfc: 

[ 0 0 2 8 ] m 1 fcfc. *»BB<04M»«!«*ffife^**|s*: 
317* o -fe xco:r 5 X^? C v D £SS<0 ^ »J — - /igt 

[0 0 2 9] r^X^CVDaSKi. ^SWIOa^-Sg 
It:Si0 2 J»*8S*ffiT»«S-fr-6a6KT*-&. 
U S i0 2 JBIi:S6art^#:fc:ft#LTL4d<OT. ^ 
ieSB*tBBfffc:ftv^S iO a «rl»*^ifia53&«*-&. <r 
<7>Si0 2 Sr^U—— V^^/S^(CC 2 F 6 *«fflV^tt 

5%fc*RL-C»l 5 1/nin "Cf^^^tSPHiLT 



[00 30] C^ffi^Xfcffi«3*raapLC 2 F 6 *-* 

j6^5*4MKra(ca&. KJB^rx4>oc 2 Feaaw 

ttO. 5% ^JWXS-eJi. ^X5J, 

M3 0 0 0ftt$ <£rS3£g ( hi ) =RIG^8K* 
(ml/h) /WOL (ml ) ) ^jfefr-CA 1 2 0 3 ^M 
»fc7 0 0X;t*«S**. £<?Mfrft\ RJBXrxftJifflft 

£F I D (Flame Ionization Detector <?>»&ffc) 

TCD (Thermal Conductivity Detecto 
r <wm) #x;n7b/77»rMts A»5P 

[0031 ] JSTv v^k^5^g4SScOvgtt^ 

[003 2] [iat«l] «K9 9%eLhOC 2 F e ^ 

3K»&»»n Lfc. 7kH«tt*E7kSr 0.11ml /mlrfCR 

•ftS-fchfc. RJiB^^c0C 2 F e iajKttJB0. 5% T»o 

o •cicms l 7t:M^ t gfgmgz 3 0 0 OftB*T89i*£-i*: 
fc. 

[0033] RJE«J4rtai 9mmcM >^3*;H!c0RJEB 

SiiaLJt^MB^fiKXf^^K-ft;^ b U A*SW;^ 
^U^3*. ^fcJfctBLfc. C 2 F«<04ttP«i. F 
ID^;n7b/77, TCD»^n7h^77i: 

[0034 ] 

mi i 



X 1 o 0 {%) 



[0035] JaT^ilBSH^t^Jt&KKfctt tfc*« 
[0036]M1 ;A1 2 0 3 

tt*fl:«Wft*r/^5 * (NKHD-24) U 
0.5-lnm figfc:«SV^tU 1 2 0tT'2^M 
U 7 0 0X:r2«HaW»Lfcfc^*B»fc*Lfc. 
[00 37] fW2 ; T i 0 2 
m#m&Vt*f-9-T CCS-200-24) 
U 0. 5- lmm »ffifc:iSlvJH*U 12 0 4 CT'2^ 
ttttU 7 0 0X:T2l«ia«WL^fc'OtWll(C«L 



[0 0 38] ; Z r0 2 

ffiS^-^2 0 O.g^ 1 2 0-Ct2^Kt|t s 7 

5 0 0kgf/cm2 «off^"CJBB«*MLfe* j£Mp D «£i» 
», «V*3HtLT0. 5- lmm ^flO^n ~ Tkljtfi 
U IfflMcttL*:. 
[0039] j£HS4 ; S i 0 2 
Fuji SilysiaiStft^UXP (CAR I ACT- 1 0) 
»WU 0.5- lminJBlEg^lSt^tL. 12 0tt2 
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[0040]MI5;TiO 2 -ZrO 2 
Wfc^S&ttf^— T (CS-200-24) £ 0 - 5m 

n J2lTW»#bfc. .ro^* 10 0 gcwLauy/^ 

'fflSWIL 1 2 0X:-C2l*ia!K«L. 7 0 0XrC2BMffl*l 
J»Lfc. »fe*tfc»*SAfflfcA*L. 5 0 0kgf/cin2 

0. 5- 1mm ttffifcattttU KitfcftLfc. 
[0041114^6 ;Al 2 0 3 -MgO 
ft^k^aSKttr/PS^ (NKHD-24) £0.5mm 
OT<OSfifc»#bfc. £«0«*10 0gtC**U VSR 

ttut. jiiBK». i 2ox:-c2i*iase«u 7oo*cr 

[0 0 4 2] JfflflE7 ; Al 2 0 3 -Ti0 2 
fl£3C-ffc^Ht4ttr;US^ (NKHD-2 4) £0.5mra 

PXY^mmzfm Ltz . <r ioogt«u * * 

^ySX7'J^M*5 6.4g *Jn£. j5fi*$r^ 
tWL*#4>SJ*Lfc. SRfft. 1 2 0\rC2B*RB«li 
U 7O0X2r2l*iaMRKL3fe. »fc:h.fc»*£ASte 
A*U 5 0 0kgf/cm2 <OJBE*TffiW«a!Lfc. JSMtH, 

[0 0 4 3] ; Al 2 0 3 -Si0 2 

M^«7^5 1 (NKHD-24) £0.5mm 

iaT<o«aafc»*u/s. i o o gfcr» u s i 

0 2 /^»^13.2g «rini. ftMcSrisanL* 

^anL/s. airak. i2o°ct2^ai, 70 

WV^WLTO. 5- lmm figt LTS»t:*tfc. 

[0044] immi^acowmsi&^&Frr. 
[0045] mmm2i*mmm&, mmmitmm 
<?>m$x\ m^j&»mm^)^m^h^x^h. # 

[0 04 6] ijg£9 ; Al 2 0 3 -Ti0 2 
ffi^fc^S^TA^^ (NKHD-24) «r»»U 
0 . 5 - 1 mm figfcWV vJHt U 12 0 KTC2 BSSHSfll 
Ufc. «T*U=. 3 0X«S»f-^>iB«17 6gft*aL 
fc. 2 5 0 — 3 0 0X;T1»5B*ia*6*U 7 0 

0KTC2B»l>WS«Ufc. C<lSrtflfcttC«Lfc. 

[0 04 7] gKSSl 0 ; A 1 2 0 3 -Ti 0 2 -Zr0 2 
tt*:ft*iBtt*r;PS^ (NKHD-24) fc»#U 
O. 5- 1mm tftffitllJt^tL. 12 0^2^^ 
Ufc. iftte. 3 0Sffl»^^>«Kl 7 6fifSr*HL 
fc. 2 5 0-3 0 0'CTI!j5^ML, 7 0 

0XrC2H«HH»RU MWAfcfWKUs. Wwr, 
A50g^ iHH^n— yk2*»«96.7gS:9 0g 



c^H 2 O^^L^7i<:^^^SL^. *8HSL 120 
XTC2B$iaSe»U 7 0 0X:-C2^H*te!cU3b # 

[0048] MM 11 ; A 1 2 0 3 — T i 0 2 -W0 3 

!SA 5 0g^ ^ y/Xf yiT^^^A 6 . 5 

g*H 2 OfcJ83&»Ufc9 0gO*JBf«**aLfe. 

f*. 12 0'CT'2^S)$U 7 0 0 9 Ct2^ML 

[00493 MlJK 12 ; A 1 2 0 3 — T i 0 2 — S i 6 2 

o h mmnttxm&Atrimi,*:. «wc H m 

^A50stC. 2 0wt%^»J^ x /^7. 5 g£H 2 CHC 
S^Uc9 0 g<!07j<8aS:*«L3t. 1 2 0*C 

T2l*HB6«U 7 0 0 4 Ct2^&1MUCo Clix£liS 

ttttl 3 ; A 1 2 0 3 -Ti 0 2 -S n0 2 

lA50g tc. *-fb"Tr 2tKW» 5.6g * H 2 Ofc»*» 
L/i9 0gO7j<jaf?BESr*HLfc. -fttSgL 120°CT2B$ 
BBBliU 7 0 0T^2B«SHTOUfc. C*itK»fc* 

[0050] HdK 1 4 ; A 1 2 0 3 -T i 0 2 - C e 0 2 

lA5 0gC, BIBMrU^A 6**0*1 0.9g£H 2 O 
t=**»Lfe 9 0 gO*»«£'&i»Lfc. 12 0 

•CT*2B^9a»U 7 0 0 < CT2B*iaHK«Ufc. -rii* 

ftHKl 5 ; A 1 2 0 3 — T i 0 2 -Mn0 2 
^10tH«co^ril^A*fBHt3 , S:. tttvc. M 
«A5 0g^ MSlv>'^6*W!ftl7.2gSrH 2 Ofc: 

js^L«:9o gco7k»fflES-*atfc. i 2 o°c 

•C2«ffiBe«L. 7 0 0iC-C2«Fra«teEUfc. ztizm 

[0 05 1 ] Mi&l 6 ; Al 2 0 3 -Ti0 2 -B i 2 0 3 
MlOkHtt^tlBIAtfHILt. «uvc. At 
SASOgt, iH»h # XVX67k*3»7.4 gSrH 2 Otc 
8*»lfc9 0 gO*»JKS*«l,rt:. 1 2 0°C 

"C2«ffil«e«U 7 0 0^2B*HMfifcUfc. ^n^is 

[00 5 2] feHKl 7 ; A 1 2O3-T i 0 2 -N i O 

Mmiotrnm^mximA^imLtz. m^x* n 

^A5 0gt:. WB^y^/W6*»tt7. 3gSrH 2 OC= 

»l?t9 0 g<o*»at*aL/s. 1 2 o-c 

X2^m^mL. 7 0 0 , C'C2i*BH«BllUfc. i*i?frtS 
[0053] mmiS ; A 1 2 0 3 — T i 0 2 — B0 4 
■"KA50gC, tidHT^— ^A87kS3«|l 2.0g 

■*H t o^»^Lfc9 0gO7jcjBa^*aL3t. *a 

«; 1 2 0X:-C2B*B«SKU 7 0 0°CT 2B#^^,U 
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[0 0 54 3 ±iSMj£9— 1 8 4:. *W«1+^)IS«1 
[0055] ] 4ggMK0Hi* 77U 5 

[00 5 6] Mffl 9 ; A 1 2 0 3 

C ON D E Al!k< — V-Y h»* ( PUR AL SB ) £ 

1 2 0*CC2«fH9a»Lfe. i<O«5«»5S2 0 0g*3 
0 0X^*0.5 H*H««U $^CM^70 0°C 

0 0kgf/crf<0JEE»TffiBI^Lfc* flfflUl*»W. 

[00 5 7] 1*^2 0 ; A 1 2 0 3 -Ti 0 2 
CONDEAl^-^ (PURAL SB ) £ 

12 0 , CrififlB«a»L3t. d««)*2 0 0gi:3 
0%BEBf^>'*ffi2 4 8.4g ^»J<^2 0 0g$:S 
iDL*#fc««L*:. 2 5 0-3 0 0 c CT*5 

B»IW!5»U 7 0 0'Ct2B$&«U^ »feiifc«* 

5 0 0kgf/cm2 c7)JE^T'JBE3^^SL 
fc. J*SH*»#. «V*5Ht UT 0 . 5 - 1 mm m&h L 

[00 58] MJ&2 1 ; Al 2 0 3 -Ti0 2 
CONDEAg<-^ b»* (PURAL S B ) £ 

3 0%^-T/;l'7 8.6g ^>B7KS:jDi.3fe*&l 0 0 
g^*»«SrfflaLfe. iBBK». 1 2 0TX*2B#p E gf£ 
«U 7 0 0'CT2^raflSfi6Lfe. 
^AiX. 5 0-Okgf /cm* <^ffi*T£HB«SL*:. J$SJ 
«v^t 0 . 5 - 1 mm *ftgfc LTKlMc 

ttLfc. JiiB^M^i 9-2 icoffietsotwifcwm 

<Z>^T»^IISi£l24 fcr*c$\ 
[0059] [9£ttH4 ] 9«R 3 cOMM 

2 0+<7>A lkTi <0m*5EftSi±fc«aSrlH«U. 

[0060] M2 2 ; Al 2 0 3 -Ti0 2 
CONDEAl^T^f (PURAL SB) ^ 

1 2 0*C"Cll«iaSe«Lfe. ^M*10 0gi:3 
0%K»f^>i8iK4 8.8g ^r^fok*?7 1 5 0g£?feS>n 
U=Sf36«4>ffli«Lfc, SiBta. 2 5 0-3 0 0^5^ 

ra*a«u 7oo a c < r2«Fia«&KU3^. 

fflfeWu 5 0 Okg f /cm* <Offift"C£E«flaHLfe. J« 
lflrt»#, BvWLTO-5-lBiliatLtWI 

[006 1] MS2 3 ; Al 2 0 3 -Ti0 2 
CONDEASI^ — V^f (PURAL SB) * 

1 2 0 , C"Ci^lH«E«b^. ^»^100gh3 

o%mm^^ymms2.4s **b*»i 20gSr»Hra 

L&#£ffl«Ufc. 9iR». 2 5 0—3 0 0*Cri»5B* 



fflteAix, SOOkgf/cm* OJE^T'JEfiUSS LAc. j£ 
SiiBiS:»», ISV^itLTO. 5- lmm Sgi: LTKSi 

[0062] M3&2 4 ; Al 2 0 3 -Ti0 2 
CONDEASK-V-Y M»5fc (PURAL SB) £ 

1 2 o°ct i miasm u&. icosasHS)* 1 o o g t 3 

0%Wf^y#I174.4g S:«7l<*57 0gSrJ8SJp 
L*^ffl«Lfc. fflJBEtt. 2 5 0-3 0 0^*51* 
SMBKU 70<rc'C2^HB(WLfc. »6*ufc»*££ 
SlteAfU 5 0 Okg f /cm* <OflEaTffl»fltfflLfc. A 

[0063] J§4!£2 5 ; A 1 2 0 3 — T i 0 2 
CONDEA»^-V>f (PURAL SB) £ 

1 2 oxre 1 &Rate« ut. £o«asi»* 1 0 0 g 1 3 

0 * >«» 3 9 2 g **JP L3r£*4> SIR tfc . 
SSKflL 2 5 0-300^5^^1, 700°C 
^2B*l^«Lfc. »feixfeJ»5RSrAS^A*Xs 50 0 
kgf/cm* <ojBEA-CJBBIB«aL^. «MiftSr»*, IS^ 
4Htl/C 0 . 5 - 1 mm Skffifc LTKBfcflfcLfc. 

[0064] Jifa<7)fi4«2 2 — 2 5<0v£tt£HJfc#lJ 1 t 

mmco^m^m^rz^im 5 

[0065] [sotoi 5 ] *saiffB4. mtfum&R 

[0066] M26 ; A 1 2 0 3 — T i 0 2 
CONDEAK-V>f (PURAL SB) £ 

1 2 O^T' 1 BftSH&flfc vlcT)^^ lSOglc, 
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(54) TREATMENT OF GAS CONTAINING FLUORINE COMPOUND 
(57) Abstract : 

PROBLEM TO BE SOLVED: To decompose gas containing 
fluorine compounds efficiently at low temperatures by 
contacting a gas flow containing at least one of a 
compound consisting of two or more carbon atoms and 
fluorine atoms and a compound consisting of nitrogen 
atoms and fluorine atoms with a specified fluorine 
compound decomposition catalyst in the presence of 
water vapor. 

SOLUTION: When implemented in the plasma CVD 
apparatus-cleaning process of a semiconductor 
production process, cleaning gas containing C2F6 1 
which was used for removing Si02 is sent into a CVD 
chamber and exited by plasma to remove Si02. After 
that, the chamber is replaced with N2 2, C2F6 
concentration is reduced to about 3-5%, and gas is 
discharged. Reaction gas 5 in which the exhaust gas is 
added with air 3 and water vapor 4 is sent to a 
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decomposition process, in which the gas 5 is contacted with an A1203 catalyst at 
400-800° C. Next, decomposition gas 6 is sent to an exhaust gas washing process, in 
which an alkali aqueous solution is sprayed, and exhaust gas 7 in which acid component 
in the decomposition gas 6 is eliminated is released outside the system. 
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(54) [Title of the Invention] 

PROCESS FOR TREATING FLUORINE COMPOUND-CONTAINING GAS 
(57) [Abstract] 
[Problem] 

To provide a decomposition treatment process for 
decomposing fluorine compound-containing gas such as C 2 F 6 and 
the like efficiently and catalyst therefore. 
[Solution] 

A gas stream containing at least one of compounds 
having two or more carbon atoms and fluorine atom(s) such as 
C 2 F 6 and the like, or compounds of nitrogen atom(s) and fluorine 
atom(s) is contacted with a catalyst comprising at least one 
of alumina, titania, silica and zirconia at a temperature of 
about 400° to about 800°C in the presence of an effective amount 
of water vapor to convert F in the gas stream to HF. 
[Advantages] 

Fluorine compound-containing gas can be subjected to 
decomposition treatment with good efficiency. 
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[Claims] 
[Claim 1] 

A process for treating a fluorine compound- 
containing gas, characterized by containing a step of 
contacting a gas stream containing at least one of a compound 
including two or more carbon atoms and fluorine atom(s) , or a 
compound containing nitrogen atom(s) and fluorine atom(s) with 
a catalyst containing at least one of alumina, titania, silica 
and zirconia at a temperature of about 400 to 800°C in the presence 
of an effective amount of water vapor to convert the F in the 
gas stream to HF. 
[Claim 2] 

The process according to Claim 1, wherein the 
fluorine compound-containing gas includes a compound of 
C and F having two or more carbon atoms, or a compound of N and 
F. 

[Claim 3] 

The process according to Claim 1, wherein the 
catalyst further contains at least one component selected from 
Si, Mg, Zr, W, Sn, Ce, Mn, Bi and Ni . 
[Claim 4] 

A catalyst for decomposing fluorine compounds by 
treating a gas stream containing at least one of a compound of 
C and F having two or more carbon atoms, or a compound of N and 
F, said catalyst comprising alumina and titania, wherein the 
alumina is contained 75% by weight or more and 98% by weight 
or less, and the titania is contained 25% by weight or less and 
2% by weight or more. 
[Claim 5] 

The catalyst according to Claim 4, wherein the 
catalyst further contains at least one component selected from 
Si, Mg, Zr, W, Sn, Ce, Mn, Bi, Ni, P and B. 
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[Claim 6] 

The catalyst according to Claim 5, wherein the 
catalyst contains one or more oxides of Si, Mg, Zr, W, Sn, Ce, 
Mn, Bi, Ni, P and B in an amount of 0.1% by weight to 10% by 
weight based on the main weight of the aluminatitania catalyst. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field Pertinent to the Invention] 

The present invention relates to a process for 
efficient decomposition treatment of a gas containing fluorine 
compounds such as C 2 F 6/ etc. at a low temperature and a catalyst 
material . 
[0002] 
[Prior Art] 

Fluorine compound gases such as C 2 F 6 , etc. are used 
in a large amount as a semiconductor etchant, a semiconductor 
cleaner, etc. However, it was found that these compounds, once 
discharged into the atmosphere, turn into warming substances 
causing global warming. Post-treatment of these compounds 
after their use would be subj ect to a strict control in the future . 
[0003] 

By the way, gases such as C 2 F 6 , etc. have fluorine 
(F) in a large amount as a molecular constituting element. The 
fluorine is the highest in electronegativity among all the 
elements and forms chemically very stable substances. 
Particularly, C 2 F 6 and the like are strong in intramolecular force 
and substances poor in reactivity. From these properties, a 
high temperature is necessary for decomposition and a large 
amount of energy is consumed therefor. Further, the 
decomposition reaction at the high temperature produces gases 
such as hydrogen fluoride, etc. which are large in corrosion 
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rate of apparatus materials . It is thus in the current situations 
that no appropriate processes for such decomposition treatment 
are not available yet . 
[0004] 

As the decomposition treatment processes, there is 
proposing a combustion technology at a high temperature. But, 
according to this process, since a large amount of fuel is used, 
the energy efficiency is low. In addition, there is a problem 
of damage of furnace wall caused by halogen compounds produced 
by combustion at 1000°C or higher. Therefore, it is necessary 
a technology which can decompose at lower temperatures. 
[0005] 

As to the catalyst, JP-B-6-59388 discloses a Ti0 2 -W0 3 
catalyst for decomposition of organic halogen compounds. The 
catalyst contains 0.1 to 20% by weight of W on the basis of Ti0 2 
(i.e. 92% to 99.96% of Ti by atom and 8 to 0.04% by atom of W) 
and had a decomposition rate of 99% at 375°C for a duration of 
1,500 hours in treatment of CC1 4 in ppm order. Among organic 
halogen compounds, influences as catalyst poison are found not 
only in CI but also in F, the latter is greater than the former. 
JP-B-6-5938 8 suggests that organic halogen compounds having a 
single carbon atom, such as CF 4 , CC1 2 F 2 , etc. can be decomposed, 
but shows no examples of decomposition results of fluorine 
compounds. Further, generally speaking, organic halogen 
compounds having 2 carbon atoms are less decomposable than those 
having a 

single carbon atom. 

JP-A-7-80303 discloses another Al 2 O 3 -ZrO 2 -W0 3 
catalyst for decomposition of fluorine compound gases. The 
catalyst is directed to combustion-decomposition of CFCs 
(chlorof luorocarbons) and has a decomposition rate of 98% for 
a duration of 10 hours in treatment of CFC-115 (C 2 C1F 5 ) by 
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combustion-decomposition reaction at 600°C. The disclosed 
process needs addition of hydrocarbons such as n-butane, etc. 
as a combustion aid, resulting in a higher treatment cost. 
Decomposition of compounds consisting only of carbon and fluorine 
such as C 2 F 6 , etc. are much less decomposable than CFC-115, but 
no examples of decomposition results of such compounds are shown 
therein . 

[0006] 

[Problem to be Solved by the Invention] 

An object of the present invention is to provide a 
process for efficient decomposition treatment of a gas containing 
at least one of a compound having two or more carbon atoms and 
fluorine atom(s) , or a compound having nitrogen atom(s) and 
fluorine atom(s) at a low temperature, and a catalyst therefore* 
[0007] 

[Means for Solving Problem] 

The present inventors have studied decomposition 
treatment processes which are possible to decompose fluorine 
compound-containing gas at low temperatures with high efficiency 
and hardly provide corrosion of the apparatus by hydrogen 
fluoride freed as a decomposition product, and as a result, the 
present invention is attained. 
[0008] 

That is, it was found that by contacting a gas stream 
containing at least one of a compound having two or more carbon 
atoms and fluorine atom ( s ) , or a compound having nitrogen atom ( s ) 
and fluorine atom(s) with a catalyst for decomposing specific 
fluorine compounds at about 400 to about 800°C in the presence 
of an efficient amount of water vapor, the fluorine in the gas 
stream can be converted to HF. As the decomposing catalyst, 
it is possible to use a catalyst which contains at least one 
kind selected from alumina, titania, silica and zirconia. 
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[0009] 

As the fluorine compounds, there can be used 
those having C and F with two or more carbon atoms such 
as C 2 F 6 , etc., those having N and F such as NF 3/ etc. 
[0010] 

Further, it was found that when at least one 
component selected from Si, Mg, Zr, W, Sn, Ce, Mn, Bi and Ni 
is added to the catalyst, it was possible to decompose the fluorine 
compound-containing gas with higher activity. These catalysts 
contains alumina, titania, silica, zirconia and oxide or oxides 
of at least one component selected from Si, Mg, Zr, W, Sn, Ce, 
Mn, Bi, Ni, P and B in the form of a mixture or composite oxide. 
In the case of the catalyst containing alumina and titania, when 
alumina is 75% by weight or more and 98% by weight or less and 
titania is 25% by weight or less and 2% by weight or more, the 
effects are very great. Further, when the oxide of Si, Mg, Zr, 
W, Sn, Ce, Mn, Bi, Ni, P, and B is contained 0 . 1 to 10% by weight 
based on the main weight of the catalyst, the effects are great. 
[0011] 

As a result of various studies for developing 
decomposition catalysts for fluorine compound-containing gas, 
it was found that it is necessary to contain a metallic component 
for forming a bond to fluorine with a suitable strength. 
Particularly, in the case of a compound containing carbon and 
fluorine, since the molecule per se is stable, it was found that 
a catalyst containing a metallic component having a large 
fluoride forming enthalpy shows a high decomposition activity. 
When a too stable bond is formed, the activity lowers gradually 
because of non- release of the fluoride from the catalyst surface . 
On the other hand, when the bonding strength is too weak, a 
sufficient decomposition 

rate cannot be obtained. The gases used in the present 
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invention such as C 2 F 6 or the like are substances which 
have a strong intramolecular force and poor reactivity . In order 
to combust these gases, the temperature of 1500 to 2000°C is 
said to be necessary. We have found that the gases used in the 
present invention can be decomposed by even using alumina, 
titania, silica and zirconia singly as a catalyst, and in order 
to obtain higher decomposition rate, it is preferable to use 
a catalyst containing alumina and titania. The alumina seems 
to function for drawing the fluorine compound to the catalyst 
and the titania seems to function for separating the fluorine 
compound from the catalyst surface. 
[0012] 

The oxides of Si, Mg, Zr, W, Sn, Ce, Mn, Bi and Ni 
seemto exhibit synergistic effects with alumina, titania, silica 
and zirconia. Further, the titania in the catalyst seems to 
contribute to the stabilitation . 
[0013] 

In the decomposition treatment process of the fluorine 
compound-containing gas of the present invention, it was found 
that the fluorine compound such as C 2 F 6 or the like can be diluted 
with an inert gas . By diluting the concentration of the fluorine 
compound, the load for the catalyst is reduced, resulting in 
maintaining the decomposition activity for a long period of time . 
As the diluting gas, it is possible to use an inert gas such 
as Ar, N 2 , He or the like. 
[0014] 

The fluorine-containing compounds used in the present 
invention are PFC (perf luorocompounds) such as C 2 F 6/ NF 3 , etc. 
or FFC (fully f luorocompounds ) . Typical reactions can be shown 
below. 

[0015] 

C 2 F 6 + 3H 2 0 —> CO + C0 2 + 6HF 
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C 2 F 6 + 2H 2 0 + l/20 2 -> 2C0 2 + 6HF 
NF 3 + 3H 2 0 -> N0 2 + 1/2 0 2 + 6HF 

It is desirable to add these fluorine compounds so 
as to make the amount of hydrogen atoms in the gas to be treated 
at least equal to the amount of fluorine atoms contained in the 
fluorine compound. By this, F in the compound becomes HF, and 
F in the decomposition products changes into hydrogen halide 
which is easy for after-treatment. As a hydrogen source, there 
can be used steam, hydrogen, a hydrocarbon, etc. In the case 
of using a hydrocarbon, the hydrocarbon can be combusted on the 
catalyst, thereby effectively reducing the heat energy to be 
supplied . 
[0016] 

By adding an oxidizing gas such as oxygen, etc. to 
the reaction gas, oxidation reaction of CO can be carried out 
at the same time. When the oxidation reaction of CO is 
incomplete, the decomposition product gas is brought into contact 
with the CO oxidizing catalyst, after removal of HF from the 
decomposition product gas, to convert CO to C0 2 . 
[0017] 

By using the catalyst of the present invention, f Ions 
such as C 2 C1 3 F 3 , C 2 C1 2 F 4 , C 2 C1F 5 , etc., substitute flons such as 
HFC 134a, etc. and compounds such as SF 6 , etc. can be decomposed. 
Further, CI in the compounds in the case of treating chlorine 
compounds is converted to HC1 . 
[0018] 

The reaction temperature used in the present invention 
is preferably about 400° to about 800°C. Above the higher 
temperatures, a higher decomposition rate can be obtained, but 
the catalyst will be rapidly deteriorated, and also the corrosion 
rate of apparatus structural materials will be abruptly 
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increased, whereas below the lower temperature, the 
decomposition rate will be lowered. 

As the step of neutralizing and removing the formed 
HF, washing by spraying an alkaline solution is efficient and 
preferable because of less occurrence of clogging in pipes due 
to crystal deposition, etc. Bubbling of the decomposition 
product gas through the alkaline solution or washing with the 
alkaline solution through a packed column may be used. 
[0019] 

As the raw material for aluminum (Al) for preparing 
the catalyst of the present invention, y-alumina and a mixture 
of y-alumina and 8-alumina can be used . Particularly preferable 
method is to use boehmite, etc. as a raw material for Al to form 
an oxide through final firing. 
[0020] 

As the raw material for titanium (Ti) for preparing 
the catalyst of the present invention, there can be used titanium 
sulfate, titania sol, titanium slurry, etc. 
[0021] 

Further, as raw materials for the third metallic 
components such as silica (Si) , magnesium (Mg) , zirconium (Zr) , 
etc., their various nitrates, ammonium salts , chlorides, etc. 
can be used. 
[0022] 

The catalyst of the present invention can be prepared 
by any of ordinary procedures for preparing catalysts, such as 
a precipitation method, an impregnation method, a kneading 
method, etc. 
[0023] 

The catalyst of the present invention can be used as 
such or upon molding into a granular form, a honeycomb form, 
etc. by a desired molding procedure such as extrusion molding, 
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tabletting, tumbling granulation, etc., or as a coating on 
ceramic or metallic honeycombs or plates. 
[0024] 

The fluorine compound-containing gas treating 
process of the present invention can decompose the fluorine 
compounds in a lower temperature than other treating processes. 
[0025] 

In the case of treating fluorine compound-containing 
gas, there arises a problem of corrosion of apparatus materials 
caused by the acid component such as HF, etc. produced by 
decomposition. According to the present invention, since the 
temperature used is relatively low, the corrosion rate is slow, 
resulting in unnecessary for maintenance of the apparatus. 
[0026] 

The apparatus for practicing the fluorine 
compound-containing gas treating process of the present 
invention requires only a catalytic reactor for decomposing the 
fluorine compounds and an apparatus for neutralizing and 
removing acid components in the decomposition product gas, so 
that the apparatus can be minimized. 
[0027] 

[Mode for Carrying Out the Invention] 

The present invention will be described in detail 
below, referring to Examples which are not limitative of the 
present invention. 
[0028] 

Fig. 1 shows an example of using the decomposition 
treatment process of the present invention fir a cleaning step 
in a plasma CVD apparatus in the semiconductor production 
process . 

[0029] 

The plasma CVD apparatus is an apparatus for vapor 
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depositing a Si0 2 film on a semiconductor wafer surface. Since 
the Si0 2 film tends to deposit on the entire interior surfaces 
of the apparatus, and thus it is necessary to remove Si0 2 
depositions from unwanted surfaces. To clean the Si0 2 , C 2 F 6 is 
used. Cleaning gas containing C 2 F 6 is led to a CVD chamber to 
remove Si0 2 under plasma excitation. Then, the chamber is 
flushed with a N 2 gas, thereby diluting the concentration of 
C 2 F 6 to about 3 to 5%, followed by discharge from the chamber 
at about 15 l./min. 
[0030] 

The discharged gas is admixed with air 3 to dilute 
C 2 F 6 . The diluted gas is further admixed with steam 4 to give 
a reaction gas 5, which is led to a decomposition step. The 
C2F6 concentration in the reaction gas is about 0.5%. In the 
decomposition step, the reaction gas 5 is contacted with a A1 2 0 3 
series catalyst at 700 °C under the conditions of space velocity 
of 3000 per hour [space velocity (h" 1 ) = reaction gas flow rate 
(ml/h) /catalyst volume (ml)] . In that case, the reaction gas 
may be heated or the catalyst may be heated by an electric oven, 
etc. The resulting decomposition gas 6 is led to an exhaust 
gas washing step, where the decomposition gas 6 is sprayed with 
an aqueous alkaline solution to remove acid components from the 
decomposition gas 6 and the resulting exhaust gas 7 freed from 
the acid components is discharged to the system outside. The 
decomposition rate of C 2 F 6 is obtained from the analysis data 
of the reaction gas 5 and the exhaust gas 7 using FID (flame 
ionization detector) gas chromatograph and TCD (thermal" 
conductivity detector) gas chromatograph, and material balance 
at the inlet and the outlet. 
[0031] 

Hereinafter, the results obtained by examining 
activities of various fluorine compound decomposing catalysts 
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are explained. 

[0032] 
[Example 1] 

A C 2 F 6 gas having a purity of 99% or more was diluted 
with air, and further admixed with steam to prepare a reaction 
gas . Steam for the admixture was prepared by feeding pure water 
into a reactor tube from the top at a flow rate of 0.11 ml/min. 
by a microtube pump and gasified. The reaction gas had a C 2 F 6 
concentration of about 0.5%. Then, the reaction gas was brought 
into contact with various catalysts heated to 700°C in the reactor 
tube at a space velocity of 3,000 
h" 1 . 

[0033] 

The reactor tube is a reactor tube manufactured by 
Inconel and having an inner diameter of 19 mm, where a catalyst 
bed is fixed at the center of the reactor tube and had an 
Inconel-made thermowell for a thermo couple, 3 mm in outer 
diameter, inside the catalyst bed. Decomposition product gas 
discharged from the catalyst bed was bubbled through an aqueous 
sodium chloride solution an then discharged as an exhaust gas. 
C 2 F 6 decomposition rate was calculated by the following equation 
using FID gas chromatograph and TCD gas chromatograph : 

[0034] 
[Expression 1] 



13 



JP-A-10-192653 



Concentration of discharged 
fluorine compound 

Decomposition rate = 1 x 100 (%) 

Concentration of fed 
fluorine compound 

[0035] 

Hereinafter, preparation methods of various 
catalysts used for the tests under the above-mentioned conditions 
are shown. 

[0036] 
Catalyst 1 : A1 2 0 3 

Granular alumina (NKHD-24, trademark of a product 
commercially available from Sumitomo Chemical Co . , Ltd., Japan) 
was pulverized, sieved to obtain a fraction of 0.5 - 1 mm grain 
sizes, followed by drying at 120°C for 2 hours, firing (or 
calcining) at 700°C for 2 hours, and subjected to the tests. 

[0037] 
Catalyst 2 : Ti0 2 

Granular titania (CS-200-24, trademark of a product 
commercially available from Sakai Chemical Industry Co., Ltd., 
Japan) was pulverized, sieved to obtain a fraction of 0.5 - 1 
mm grain sizes, followed by drying at 120°C for 2 hours, firing 
at 700°C for 2 hours, and subjected to the tests. 

[0038] 
Catalyst 3 : Zr0 2 

200 g of zirconyl nitrate was dried at 120°C for 2 
hours and fired at 700°C for 2 hours. The resulting powders 
were placed in a mold and compression molded under a pressure 
of 500 kgf/cm 2 . The molded product was pulverized and sieved 
to obtain zirconia grains having grain sizes of 0.5 - 1 mm, and 
subjected to the tests. 

[0039] 
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Catalyst 4 : Si0 2 

Granular silica (CARIACT-10, trademark of a product 
commercially available from Fuji Silysia Co., Ltd., Japan) was 
pulverized and sieved to obtain a fraction of 0.5 - 1 mm grain 
sizes, followed by drying at 120°C for 2 hours, firing at 700°C 
for 2 hours, and subjected to the tests. 
[0040] 

Catalyst 5 : Ti0 2 -Zr0 2 

Granular titania (CS-200-24) was pulverized to grain 
sizes of 0.5 mm and under. 100 g of the resulting powders was 
admixed with 78 .3 g of zirconyl nitrate and kneaded while adding 
pure water thereto. After the kneading, the kneaded mixture 
was dried at 120°C for 2 hours and fired at 700°C for 2 hours. 
The resulting powders were placed in a mold and compression molded 
under a pressure of 500 kgf/cm 2 . The molded product was 
pulverized and sieved to obtain grains having grain sizes of 
0.5 - 1 mm, and subjected to the tests. 
[0041] 

Catalyst 6 : Al 2 0 3 -MgO 

Granular alumina (NKHD-2 4) was pulverized to grain 
sizes of 0.5 mm and under. 100 g of the resulting powders were 
admixed with 56 . 4 g of magnesium nitrate and kneaded while adding 
pure water thereto. After the kneading, the kneaded mixture 
was dried at 120°C for 2 hours and fired at 700°C for 2 hours. 
The resulting powders were placed into a mold and compression 
molded under a pressure of 500 kgf/cm 2 . The molded product was 
pulverized and sieved to obtain grains having grain sizes of 
0.5-1 mm, and subjected to the tests. 
[0042] 

Catalyst 7 : Al 2 0 3 -Ti0 2 

Granular alumina (NKHD-2 4) was pulverized to grain 
sizes of 0.5 mm and under. 100 g of the resulting powders were 
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admixed with 17 . 4 g of dried powders of a metatitanic acid slurry 
and kneaded while adding pure water thereto. After the kneading, 
the kneaded mixture was dried at 120°C for 2 hours and fired 
at 700°C for 2 hours. The resulting powders were placed in a 
mold and compression molded under a pressure of 500 kgf/cm 2 . 
The molded product was pulverized and sieved to obtain grains 
having grain sizes of 0.5 - 1 mm, and subjected to the tests. 
[0043] 

Catalyst 8 : Al 2 0 3 -Si0 2 

Granular alumina (NKHD-24) was pulverized to grain 
sizes of 0.5 mm and under. 100 g of the resulting powders were 
admixed with 13.2 g of dried powders of Si0 2 sol and kneaded 
while adding pure water thereto . After the kneading, the kneaded 
mixture was dried at 12 0°C for 2 hours and fired at 7 00°C for 
2 hours. The resulting powders were placed in a mold and 
compression molded under a pressure of 500 mgf/cm 2 . The molded 
product was pulverized and sieved to obtain grains having grain 
sizes of 0.5 - 1 mm, and subjected to the tests. 
[0044] 

Test results of the above-mentioned catalysts 1 to 
8 are shown in Fig. 2. 

[0045] 
[Example 2] 

In this Example, effects of addition of the third 
elements were examined under the same conditions as in Example 
1. Individual catalysts were prepared as follows. 
[0046] 

Catalyst 9 : Al 2 0 3 -Ti0 2 

Granular alumina (NKHD-24) was pulverized and sieved 
to obtain grains having grain sizes of 0 . 5 - 1 mm, followed by 
drying at 120°C for 2 hours. Then, the dried grains were 
impregnated with 176 g of an aqueous 30% titanium sulfate 
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solution. After the impregnation, the grains were dried at 250° 

- 300°C for about 5 hours and then fired at 700°C for 2 hours, 
and subjected to the tests. 

[0047] 

Catalyst 10 : Al 2 03-Ti0 2 -Zr02 

Granular alumina (NKHD-24) was pulverized and sieved 
to obtain grains having grain sizes of 0 . 5 - 1 mm, followed by 
drying at 120°C for 2 hours. Then, the dried grains were 
impregnated with 176 g of an aqueous 30% titanium sulfate 
solution. After the impregnation, the grains were dried at 250° 

- 300°C for about 5 hours and then fired at 700°C for 2 hours, 
to give Catalyst A. Then, 50 g of Catalyst A grains were 
impregnated with an aqueous solution of 6 . 7 g of zirconyl nitrate 
dihydrate in 90 g of H 2 0. After the impregnation, the grains 
were dried at 120°C for 2 hours and then fired at 700°C for 2 
hours, and subjected to the tests. 

[0048] 

Catalyst 11 : Al 2 0 3 -Ti0 2 -W0 3 

Catalyst A was prepared in the same manner as in 
Catalyst 10. Then, 50 g of Catalyst A grains were impregnated 
with 90 g of an aqueous solution of 6 . 5 g of ammonium pa rat ungst ate 
in H 2 0. After the impregnation, the grains were dried at 120°C 
for 2 hours and then fired at 700°C for 2 hours, and subjected 
to the tests. 
[0049] 

Catalyst 12 : Al 2 0 3 -Ti0 2 -Si0 2 

Catalyst A was prepared in the same manner as in 
Catalyst 10. Then, 50 g of Catalyst A grains were impregnated 
with 90 g of an aqueous solution of 7 . 5 g of 2 0 wt . % silica sol 
in H 2 Q. After the impregnation, the grains were dried at 12 0°C 
for 2 hours and then fired at 700°C for 2 hours, and subjected 
to the tests . 
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Catalyst 13 : Al 2 02-Ti0 2 -Sn02 

Catalyst A was prepared in the same manner as in 
Catalyst 10. Then, 50 g of Catalyst A grains were impregnated 
with 90 g of an aqueous solution of 5 . 6 g of tin chloride dihydrate 
in H 2 0. After the impregnation, the grains were dried at 120°C 
for 2 hours and then fired at 700°C for 2 hours, and subjected 
to the tests . 
[0050] 

Catalyst 14 : Al20 3 -Ti0 2 -Ce0 2 

Catalyst A was prepared in the same manner as in 
Catalyst 10. Then, 50 g of Catalyst A grains were impregnated 
with 90 g of an aqueous solution of 10.9 g of cerium nitrate 
hexahydrate in H 2 0. After the impregnation, the grains were 
dried at 120°C for 2 hours and then fired at 700°C for 2 hours, 
and subjected to the tests. 
Catalyst 15 : Al 2 0 3 -Ti0 2 -Mn0 2 

Catalyst A was prepared in the same manner as in 
Catalyst 10. Then, 50 g of Catalyst A grains were impregnated 
with 90 g of an aqueous solution of 7.2 g of manganese nitrate 
hexahydrate in H 2 0. After the impregnation, the grains were 
dried at 120°C for 2 hours and then fired at 700°C for 2 hours, 
and subjected to the tests. 
[0051] 

Catalyst 16 : Al 2 0 3 -Ti02-Bi 2 03 

Catalyst A was prepared in the same manner as in 
Catalyst 10. Then, 50 g of Catalyst A grains were impregnated 
witli 90 g of an aqueous solution of 7 . 4 g of bithmus nitrate 
hexahydrate in H 2 0. After the impregnation, the grains were 
dried at 120°C for 2 hours and then fired at 700°C for 2 hours, 
and subjected to the tests. 
[0052] 

Catalyst 17 : Al 2 0 3 -Ti0 2 -NiO 
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Catalyst A was prepared in the same. manner as in 
Catalyst 10. Then, 50 g of Catalyst A grains were impregnated 
with 90 g* of an aqueous solution of 7.3 g of nickel nitrate 
hexahydrate in H 2 0. After the impregnation, the grains were 
dried at 120°C for 2 hours and then fired at 700°C for 2 hours, 
and subjected to the tests. 
[0053] 

Catalyst 18 : Al 2 0 3 -Ti0 2 -B0 4 

Catalyst A was prepared in the same manner as in 
Catalyst 10. Then, 50 g of Catalyst A grains were impregnated 
with 90 g of an aqueous solution of 12.0 g of ammonium borate 
octahydrate in H 2 0. After the impregnation, the grains were 
dried at 120°C for 2 hours and then fired at 700°C for 2 hours, 
and subjected to the tests. 
[0054] 

Activities of the above-mentioned Catalysts 9-18 as 
well as that of Catalyst 1 in Example 1 are shown in Fig. 3. 

[0055] 
[Example 3] 

In this Example, various catalysts are prepared by 
changing the alumina raw material and the titania raw material, 
and activities are examined in the same manner as in Example 
1. 

[0056] 
Catalyst 19 : A1 2 0 3 

Boehmite powders (PURAL SB, trademark of a product 
commercially available from Condea Co . , Ltd.) were dried at 120°C 
for 2 hours. 200 g of the resulting dried powders were fired 
at 300°C for 0 . 5 hour and further fired at an elevated temperature 
of 700°C for 2 hours. The resulting powders were placed into 
a mold and compression molded under a pressure of 500 kgf/cm 2 . 
The molded product was pulverized and sieved to obtain grains 
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having grain sizes of 0.5 - 1 mm, and tested. 
[0057] 

Catalyst 20 : Al 2 0 3 -Ti0 2 

Boehmite powders (PURAL SB) were dried at 120°C for 
one hour. 200 g of the resulting dried powders were kneaded 
with 248.4 g of an aqueous 30% titanium sulfate solution, while 
adding about 200 g of pure water thereto. After the kneading, 
the kneaded mixture was dried at 250° - 300°C for about 5 hours 
and then fired at 700°C for 2 hours. The resulting powders were 
placed into a mold and compression molded under a pressure of 
500 kgf/cm 2 . The molded product was pulverized and sieved to 
obtain grains having grain sizes of 0.5 - 1 mm and tested. 
[0058] 

Catalyst 21 : A10 3 -Ti0 2 

Boehmite powders (PURAL SB) were dried at 120°C for 
one hour. 200 g of the resulting dried powders were kneaded 
with about 100 g of an aqueous solution containing 78.6 g of 
30% titania sol in pure water. After the kneading, the kneaded 
mixture was dried at 120°C for about 2 hours and then fired at 
700°C for 2 hours. The resulting powders were placed into a 
mold and compression molded under a pressure of 500 kgf/cm 2 . 
The molded product was pulverized and sieved to obtain grains 
having grain sizes of 0 . 5 - 1 mm and tested. 

[0059] 
[Example 4] 

In this Example, catalysts are prepared by changing 
the composition of Al and Ti in Catalyst 20 in Example 3 and 
their activities are examined. 
[0060] 

Catalyst 22 : Al 2 0 3 -Ti0 2 

Boehmite powders (PURAL SB) were dried at 120°C for 
one hour. 100 g of the resulting dried powders were kneaded 
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with 48.8 g of an aqueous 30% titanium sulfate solution while 
adding about 150 g of pure water thereto. After the kneading, 
the kneaded mixture was dried at 250° - 300°C for about 5 hours 
and then fired at 700°C for 2 hours. The resulting powders were 
placed into a mold and compression molded under a pressure of 
500 kgf/cm 2 . The molded product was pulverized and sieved to 
obtain grains having grain sizes of 0.5 - 1 mm and tested. 
[0061] 

Catalyst 23 : Al 2 0 3 -Ti0 2 

Boehmite powders (PURAL SB) were dried at 12 0°C for 
one hour. 100 g of the resulting dried powders were kneaded 
with 82.4 g of an aqueous 30% titanium sulfate solution while 
adding about 120 g of pure water thereto. After the kneading, 
the kneaded mixture was dried at 250° - 300°C for about 5 hours 
and then fired at 700°C for 2 hours. The resulting powders were 
placed into a mold and compression molded under a pressure of 
500 kgf/cm 2 . The molded product was pulverized and sieved to 
obtain grains having grain sizes of 0.5 - 1 mm and tested. 
[0062] 

Catalyst 24 : Al 2 0 3 -Ti0 2 

Boehmite powders (PURAL SB) were dried at 120°C for 
one hour. 100 g of the resulting dried powders were kneaded 
with 174.4 g of an aqueous 30% titanium sulfate solution while 
adding about 70 g of pure water . After the kneading, the kneaded 
mixture was dried at 250° - 300°C for about 5 hours and then 
fired at 700°C for 2 hours. The resulting powders were placed 
into a mold and compression molded under a pressure of 500 kgf/cm 2 . 
The molded product was pulverized and sieved to obtain grains 
having grain sizes of 0.5 - 1 mm and tested. 
[0063] 

Catalyst 25 : Al 2 0 3 -Ti0 2 

Boehmite powders (PURAL SB) was dried at 120°C.for 
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one hour. 100 g of the resulting dried powders were kneaded 
with 392g of 30% titania sol. After the kneading, the kneaded 
mixture was dried at 250° - 300°C for about 5 hours and then 
fired at 700°C for 2 hours. The resulting powders were placed 
into a mold and compress ion molded under a pressure of 500 kgf /cm 2 . 
The molded product was pulverized and sieved to obtain grains 
having grain sizes of 0 . 5 - 1 mm and tested. 
[0064] 

Activities of the above-mentioned Catalysts 22-25 are 
examined in the same manner as in Example 1 and the results are 
shown in Fig . 5 . 

[0065] 
[Example 5] 

In this Example, sulfuric acid is added at the time 
of preparing a catalyst. 
[0066] 

Catalyst 26: Al 2 0 3 -Ti0 2 

Boehmite powders (PURAL SB) were dried at 12 0°C for 
one hour. 150 g of the resulting dried powders, 58.8 g of 30% 
titania sol solution (CS-N, manufactured by Ishihara Sangyo 
Kaisha, Ltd.) and an aqueous solution of 44.8 g of 97% sulfuric 
acid solution diluted with 250 ml of pure water were added and 
kneaded. After kneading, the kneaded mixture was dried at 250° 
- 300°C for about 5 hours and then fired at 700°C for 2 hours. 
The fired product was pulverized and sieved to obtain grains 
having grain sizes of 0.5 - 1 mm and tested. The test conditions 
are the same as those of Example 1, except for changing the space 
velocity 1000 per hour. The test results were that the 
decomposition rate of C 2 F 6 at the reaction temperature of 650 °C 
was 80%. 

[0067] 

[Effects of the Invention] 
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